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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



a J!^ T T nt inVent !? n re ' ateS t0 a " electro "-«"itting device according to the preamble clause of daim 1 
a method of preparing rt, as well as the use of it. Such device is known from SU-8557B2. ' 

Related Background Art 

thinfiim! Swe^ joying an ,TO 

thin film [Hisashi Araki. et al. 7WINKU-'(S?5, 26 No 1 p 2^2' 6 emP '° yin9 3 ° B *° n 

Fia IK^?* 38 In 

F.g. 38. the numerals 19 and 20 denote electrodes for attaining electrical connection- 21 a Zliim formJl 
using an electron-emitting material; 23, a substrate; and 22, an electron-emitting rTgbn * 
th. 11™ SU ^ Ce COnduCt j on e| ectron-emitting devices, it has been hitherto practiced to previously form 
the electron-emitting reg.cn by an energizing heat treatment, called forming-, before effete Te e,LZ 

S,^T toly ' 3 V0,ta9e iS 3PP,ied b6tWeen the above 1 9 and 

hei: 'iirr ? thin f ■? 21 ,o be ioca,,y destroyed - deformed « 

What is meant by the above state of electrically high resistance is a discontinuous state of a film oartl* 
having cracks of 0 5 um to 5 urn on the thin film 21 and having the so-called island structure >2£££ 
lei^r *i ISla " d StrUCtUre iS the Stmcture of 8 film in which fin * Prides generally hal? £ 
s^tf a lT ra nan f ° me (SeVera ' te " an9Str ° ms) 10 several ^ Aerometers) are present on 2 sut 
f reSp f h Ct ' ve i ne P artides « discontinuous and electrically continuous 

Hrthertofore. .n the surface conduction electron-emitting devices, a voltage is applied to the above hioh 

so that the electrons are emitted from the above fine particles 

inv^hTprobllr JST" 10 ^ ° 0nVenti0nal ener9iZi " 9 ^ treatment M menli0 " ed 3b0Ve h8Ve 

dlJfl^^V 116 '! eatin9 ' '* sometimes oc «"s the thin film is peeled because of the 

difference ,n coeff.cient of thermal expansion between the substrate and the thin film This provides I in> 

^S^^S^ °l a ' 0Wi " 9 10 lhe ener9iZi " 9 heati " 9 ' 88 ex ^P'i«ed by the degree of local 
destruct.on, deformation or denaturing, tends to become irregular among a plurality of devices formed in 
the same substrate, and also the site at which changes may occur tends to be not Ld 

For this reason, when functioned as an electron-emitting device, irregularity in the shape of beams 
of emitted electrons has been seen for each device 

sou^S'^nl 1"*"° P ° We : iS : eqUired Unt " the forminfl 18 F " this reason, an electric 

ZS, capacity is requred when a number of devices are formed on the same substrate and the 
forming is earned out simultaneously. 

(5) A relatively long period of time is required for conventional forming processes that start with the ener 
e ra „s e «me W M^.s ! ,to u labo».Mh. t u,f, C econdual«,« e «„ Mm ,»,^ dsvlCMhav .„ olbeen 
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positively applied ^industrial fields, notwithstanding thetr advantages that the de^ce has simpler 
SUMMARY OF THE INVENTION 

in* „ A ™^!^l ^al,y, "I"™* inVenti ° n iS 40 pr ° vide an e,ectric amMl emitti "9 that not only can solve 
the problems previously mentioned, but also can make lower the voltage to be applied to e ecVrc^es^nd ac T 
.eve .mprovement in the density of an emitted electric current electrodes and ach- 

Furthermore it is an object of the invention to provide a method for preparing the device bv controlling th« 

JZ^TZLT* lnv,nBon S,,CB *"«"•■•*>•■ **• - >- «- * . «*, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 to Fig. 7 are cross sections illustrating vertical type electron-emitting devices of the present inven- 

Fig 8 is a perspective view illustrating an electron-emitting device of the present invention havina an in 
minting layer comprising fine partides arranged in a dispersed state- 9 
Fig. 9 and Fig. 10 are cross sections along the line A to B in Fig 8- 

p F re S rnt?nve F ntn; " ^ "** Pr0CeSSeS °< ^"-emitting devices of the 

Rg. 12. Fig. 1 3. Fig. 1 5 and Fig. 16 diagrammatically illustrate electron-emitting devices accordino to 0 th»r 
embedments of specif ic structures of the present invention; according to other 

Fig. 17 to Fig. 27 diagrammatically illustrate electron-emitting devices of the present invention havinn a 
semiconductor layer comprising fine particles arranged in a dispersed state 9 * 

ranged tZEZZST " "*» <™ kinds of fine parties ar- 

Fig. 38 is a view illustrating a conventional electron-emitting device 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

.„ °Z SPe .° if iCa l ,y ' PreS8nt inVenti ° n iS a " e'ectron-emittlng device comprising a laminate comprisina 
£££1 T^ '^ 05 betWee " 3 ° f 0PPOSi " 9 eleCtrodes ' «•"* an e'ectrLemS ZZ insu 
hf eI XH«f 8 '?7 ided 31 ' 8ide 6nd SUrfaC8 0f *« insula,i "9 f °™* at th. pSTJSSi 

Hon IJ'ih J? 9 ™™" 0311 * i "" StrateS 3 first em bodinient of the electron-emitting device of the present inven- 
ts In the f ,gure the numerals 1 and 2 denote electrodes for obtaining electrical connection; 3 Tn e,eZn- 
emitting region; 4. a substrate; and 5, an insulating layer. eiectron- 

latinL^it^ 'h 6 eleC !T!"? mi " in9 d8ViCe * the present invention eomprtee. a laminate comprising the insu- 
lat.ng ayer 5 deposed between a pair of the electrodes 1 and 2 opposing each other at meir end o Jt Z 
w erein the electron-emitting region 3 insulated from the electrodes is provided at a side 
msulat,ng.ayer5formedattheo PP osing part at which the electrodes 1 and 2 oppose each other an^rons 
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?„Tf t£° * e Jf' ectron : emitti "9 re 9ion 3 by applying voltage between the electrodes 1 and 2 
pend on th^ thtl n " e r ttin9 ^ ^ to «•» "arrow «* h the prior art can de- 

The electron-emitting device having the vertical type structure has a quality more than eoual to that of 

thTi" 'I 3 0neS f wiM r "** the fo ™9 and can give a more improved e e«Jro3t ing Z to 

that can make uniform the shape and width of the electron-emitting region ron-em.tt.ng dev.ce 

Ao S^r^S 4 lt t™£ T 9laSS • CeramiCS ° r the ,ike ' and the electrodes 1 and 2 are formed with Au 
Ag. Cu, Mo, Cr, Ni, Al, Ta. Pd. W or the like, or an alloy of any of these, or carbon, etc 

The electrodes 1 and 2 may have a thickness of from several ten nm (several hundred angstroms) to sev 

sssroSr^ 
bes^r^ 

,h a „? e e ' eCtr0d , e , 1 * vapor de P° sited on the substrate 4. and then subjected to patterning to give a desired 
Latin™ T7Z rt b l 3 Str,Pe - Thereafteri the insU,atin 9 ,ayer 5 is "y means of vacuum LpSS 
for , ^ Th ' CkneSS ° f th8 inSU ' atin9 ,ay6r d8pends on the dielectri * strength depenZ on maSals 
for the msulatmg layer, and the threshold voltage at which emission of electrons begins bj the Xge 2 
between the electrodes 1 and 2. Usually, to set the threshold voltage to from 10 to 20 V. Yhfe >Z thiSS 
must be1 ll morless.Afterformationoftheinsu.atinglayer 5 . the electrode 2 is formed by con^ 

9 ' T'V " ke Pr0C6SS> and then the e,ectrode 2 and tha insula^™ 5 are s™ 

^Ko^^ltT, ° f ,h8 6, T de 1 th3t th6y ^ P3rtly ° Ver,ap tha e^ctrode it 
«„ JET T; ( f 9 ; 0 31 OCCaSIOn • the elec *ron-emitting region 3 may be obtained by disposino 
an electron-emrttmg layer 3a between the insulating layers 5a and 5b according to the manner as desS 

gZTI °T ^ 'T^ 9 "odies 3b at the side fa^e of the Z^g lay^ 5 

ass hZ r MS ™? S ° ^ exhlbitednoto " | y ^ taking the structure in which the electrodes1and2^^^^^^ 

noo^p as sh™ 1 Z 2 ™ * PM ^ S 1 a " d 2 that ^ at theirend portions but'have 
The electron-emitting region 3 is formed by disposing an electron-emitting layer 3a in the insulatino laver 

t^ZS^^TT read " y C3Pable ° f emiUin9 e,eCtr0nS by e ' eCtron ^Lent and hatg" 
2 erma ' res,stance and "rros.on resistance, as exemplified by metals such as W. Ti. Au Ao Cu Cr 
Al and Pt. ox.des such as SnO, ln 2 0 3 . BaO and MgO. or carbon or a mixture of any of the above each havino' 

« iszsszsr ,hermai re8fetence> uti,izin9 ™ um ~ ^ssz 

21 • . : '. ' be 3,80 f0rmed by arra "9ing electron-emitting bodies 3b at the side face of 

Lve'r J H£ T 5 COmPr ' Sing 3 thin C ° ating ° f the material as described i *e above ee C ^ 

%? ee tS • COat,n9 c melhods indude s P rea *"9. all sorts of vacuum deposition, and dipping ) 9 
in fmi 2. , PaC :" 9 6 ,n , F ' 91 1 a0d FiQ - 2 S0m6What differs " but in a PP~ximation may desirably be formed 

to a 2 Z71Z ^ an9SlromS) toS8Veral m - P'^'rom several nm (several tenangsVro^ 

to 2 nm, and more preferably from 1 nm (10 angstroms) to 1 nm 3«roms; 

^ An outline of a method for preparing the electron-emitting device illustrated in Fig. 2 will be described be- 

rh. TJ!rT in ? T 5 iS f0m,ed °" 8 SUbStrate 4> and a 8te W» d P° rtion is fo "" a <l by patterning. Thereafter 
the electrodes 1 and 2 are simultaneously formed into films so that the stepped portion may not be TveS 

ness of the electrode formed at the stepped portion set with the film thickness of the insulating layer 5 The 
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film formation of mis electrode is carried out usuallv hv uQinn uan „, m * 

of several nm (several ten angstroms) can be readily obtained in high precision ' 9 ' ™" SPaC ' n9 
On the other hand, the electron-emitting device having the structure as shown in Fin 7 ™i« f 

23Ss5S33S3£==F 

be obtoined without formation of any insulating £. makin si^e SSS^SL 

The e.ectron-em,««ing device of the present invention may further have the ^^Ztcn in Ffc 4 

ami, ^ the intermediate layer 8. high-meiting materials J^^I^S^S^ 

Sno t n T « S ™»^: m9 dama96 ' 3nd materials havi "9 a '™ cS^^SSSTS 

Furtn^^^ 
insulating layer and at the same time arranged in a dispersed state 

th* Jrfn " 9 rt the abov V! SCribed device structure of P re sent invention not only can solve the problems in 
mZT? \ d :i CUS8ed ' bUt alS ° 030 Pr ° Vide an ^"-emitting devL capabTe of obte'lo an 
emitted electnc current of h,gh density by using a low electric power and also capable of controloThe SnS 

*«ZV; P ^ dSd °" 3 SUbStrate 4 SUCh 38 9laSS and ceramics « an insu 'ating layer 1 1 , and further thereon 
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for this electron emission is assumed as I..) 

fin.™,!! Fb Ji dia 9rammatically illustrate cross sections in the A-B direction in Fig. 8 In the present 

S8V ,r' m> a " d the SPaCi " 9 b6tWeen respect ™ fine -"ay farther pre^Te 

formed in the range of from several nm (several ten angstroms) to several am Preferably be 

Materials for the fine particles used in the present invention may cover a very wide ranoe and «i mn =, o,. 
of conductrve materials induding usua. n^ta.s. semimetals a 

cathode matenals having properties such as low work function, a high melting poJESt^Z^ 
ol^r » ^le of forming the surface conduction electron-emit^g dJ. * 

z issri a r tenai K having a ,an9e ^ icient ° f sec ° ndarv «*■£. convent,ona, 

nart ,i. 0 P fl . ? S may b8 S8leCted fr0m such materials «w»*n8 to purposes and used as the fine 
parties, so that a desired electron^mirting device can be formed * 

as rfc Z^'lc rZ H? l n „dwr mP, % ^ SUCh 88 ^ ^ YB - and Gd ^ carbides such 
R fl ™' l fC ' T ; S, ^ a " d , WC ' n,tndes 5Uch as ™- ^ a "1 HfN. metals such as Nb. Mo. Rh Hf Ta W 

the above matenals and disperse fine particles of two or more kinds of different materials 9 
A method for prepanng the device illustrated in Fig. 8 will be described below 
Fig. 11 (1) to (5) illustrate cross sections of a device for each preparation step 

2 2 V^ZI 3 S t Strate 4 C ° mpriSed ° f 9 ' aSS ° r Ceramics is de 9 reased and c'«"ed. 
Wto msulating layer 11 comprised of low-melting point glass is formed into a film on the surface of the 

TT? t0 !! quid - Coatin 9 baki "9- P**B "aking, vacuum deposftion, orthe lik process £ 

Z h TTS"* f ° r ' 0W me ' ting POint 9,388 are th08e havino a ^«e"i"9 Point tempera3ow£ 
thanthed,stortK)npo,nt temperature of the substrate and at the same time having a coefrTcienTSe3 
expanse close , to that of the substrate. In general, a lead oxide type low melting glass has a sof tenTo 
pent of about 400-C and also has a coefficient of thermal expanston close to Z Scient rffhS 
expanston of a soda Hme glass substrate genera.ly used. The illating to er 5n ma^e 23J t forZ 
to have a th.ckness in the range of from several nm (several ten angstroms) to several ten urn 5, appTcS 

ll? rt rl he in8u,atin 9 ,aver opined in (2), electrodes 1 and 2 are formed according to vacuum deposition 
photol.thoetch.ng, lifting-off, printing, or the like process aepositron. 

Aa Cu'm'o 8 CrTTr m D? ria l S ,r Same materialS 38 th0Se described in relatto " to Fig. 1 , i.e. Au 
Ag Cu, Mo, Cr, N . Al. Ta, Pd and W, or an alloy of any of these or carbon, etc.. and the electrodes 1 and 

pvs:^ 

«„ a « S J°f dimftnsion of electrode s P aci "9 L. the electrodes may suitably oppose each other with a 
12. h SeVera ' te " nm (hUndred a "9 stroms > «° ^eral ten urn, andspacing width W may 

Lensions aPPrOXI V ^ m * ^ ^ HMmm ' ™ » "° mea " 8 " to «Z 

S2rI22 r fine , pa ?' CleS 9 m coated on the •'•*»*> 9ap region obtained in (3). A dispersion of fine 

are " * Fi " e "« 30 ■*■*• t0 P ram ° te of the fine parties 

are added ,n an orgamc solvent comprised of butyl acetate, alcohol or the like, followed by stilg o rtl 
hke to prepare the d.spersion of fine particles. This fine particle dispersion is coated on tL See of a 

10 minutes at a temperature at which the solvent or the like may be evaporated, for example at 2WC 

IT^eZ^J: a T ed °" ^ **** « ,he inSUlali " 9 ,a ^ 11 in the electee spSl 
7 P arran96d 00 the Wh0 ' 6 Surface <* tne •P~"««». "ut no difficulty is 

inT L the^^^^^ 

ng L when electrons are emitted. This is accordingly not shown in the drawing. Arrangement densih, o1 
fltoftn. parades , • may vary depending on the coating conditions and how to prepare 
disperse and the amount of electric currents flowing to the electrode spacing L rnay also va v in Sor 
dance w.th this. In addition to the above formation by coating, a.so available as metto toXSE 

of an orgamc compound s coated on the substrate followed by thermal decomposition to form metal pZ 
fade* In regard to materials feasible for vacuum deposition, the fine partides can be also fo^TdControl 
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(5) After this, the specimen obtained through the steps up to (4) is heated to a ..• u _ 

good results. «ruciure illustrated in F.g. 12 and Fig. 13(a) and (b) can also exhibit 

Preparation processes in Fig. 12 will be described 

b. -rs" r™ssr — — * ^ «■ «* ■ ■* — . •«> <*» 

^^^3233333 
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"el™ 

^J^T^'!^ •"I! 16 ™ 18 m3y be a PP ra P riate| y elected depending on the conditions such as dielectric 
k re ^ ,a^Ce • W ° rkabi,ity ' ° Xidati0n resistance ' ,ife ' s Pe cif ic "Stance, and amoum of electric 

Z TTc T he r eri f for the insu,ating ,ayer may inolude ' 38 previous * <-2£?SS! 

Ta f s "f,^ or a ,aminate ° r "iWure of any of these. The film thickness may be from abou 

IZx JSEsr* several m or so - which fe the thickness necessary for the f - ^ 

The electron-emitting device may also have the structure as illustrated in Fig 13 

m Jl A f TTJ"'" 9 d6ViCe i,,UStrated in Fi9 " 13 ' a fine P artide dispersion prepared by mixing the low- 
melt, ng "t glass for the .nsulating layer 11 is coated (here, carried out in the same manner aTde SC rib\dTn 

eft ) ; and T" inSU ' atin9 ,ayef 11 te f0m,ed into 3 Sinuous J£i£ZZ f 5 

setting the baking temperature to somewhat lower degree (for example, about 500'C) 

fm jT ele< = tron - e,n * tin 9 device "'"strated in Fig. 13. the insulating layer 11 does not entirely cover the elec 

1 and 2 on the side of the electrode spacing L. i.e.. the part at which a highest electric field is generated il 
connected with the surface and inside of the instating layer 11. Forthis reason, the degrefofSm of the 

It!? P3th beC ° meS 9reater ' S ° that ,he am0Unt 0f electric cu ™t betwetn tte 

trodes can be more increased than the device of Fig. 12. 

Both the electron-emitting device of Fig. 12 and the electron-emitting device of Fig 13 in which the in 

cr szzr partides 030 te formed simuitaneo ^- have - « xssz 

asi,,^^ 

^Jn Fig. 14. the numeral 4 denotes a substrate; 1 and 2. electrodes; 9. fine partides; and 11. an insulating 

Fig. 14 (1) to (5) illustrate cross sections of a device for each preparation step 

1) The surface of the substrate 4 is degreased and cleaned. 

2) The electrodes 1 and 2 are formed in the same manner as in (3) in Fig 11 

3) The fine particles are dispersed in the same manner as in step (4) in Fig 11 

4) The insulating layer 11 is formed by a method of EB vacuum deposition, sputtering, or vacuum deposition 
such as piasma CVD. heat CVD or the like process. Usable as materials for the nsuZgTaJeMI are 
oxides such as SiO, and Al 2 0 3 . nitrides such as SfcN,. carbides such as SiC and TiC. as we?i as g ass o£ 
teined by vacuum deposition or so.ution-coated baking, and insulating layers compris ng organic toZZ 
such as polyimides. Also, the layer 11 may desirably have a film thickness of from severa7nm seveS 10 

oaSr, 8 « T7 in 9enCral ' ,he ' nSU,atin9 ,ayer 11 fe de P° sited a *° °" the surZTfZ 

particles 9 and so deposited that the partide diameters of the fine particles 9 may produce convexes 

The electron emission device prepared according to the above steps 1) to 4) can serve as a device 
having far supenor characteristics as compared with the conventional deviced prepared using the formin? 
In the eiectron-emitting device of the present invention, even the device obtained accordinrto theTps 
1) to 4) can exhibit suffidently good characteristics, but more preferred is a device applied w^h the fol 
lowing step 5). since the extent of exposure of the fine partides f bced in the insulating layer Z Z mad! 

2S£IVJ! J 9 *\ d8P °* thiCRneSS ° f the inSU,atin9 layer and the amount <* Aching and fur 

IrZZ J??™* P0SS ' ble l ° C ° ntrol the eleCtric current betwe en electrodes and also control the 
amount of electron emission. 

5) Etching is applied on the surfaces of the convexes of the insulating layer 11 obtained in 4). For example 

h o ^ '^^ 1 1 ^ 6tChed - AS 3 reSU,t there is 9 iven the structure that part of each 

finepartidegisexposedfrom the insulating Iayer11 at the etched portions and also fixed in the insulating 

laveMfa?d°i;rr n ^ J I* ' 0W " me,tin9 9 ' aSS may b * USed as tha ™**« for tha '"^"9 
If\h T P 9 - 14> the Spedmen may be baked at a temperature higher than the softening 

c l„£2. IT? " 9 J""" . 8 ° the f ine PartiC,eS 9 080 bB 1 urther f irmlv f «ed in the insuring layer 1? 

andjjand^ 

m J? "I 15 ,'o' he T eral 12 d6n0teS 8 substrate comprising metals 13 such as Ag, Ba. Pb. W and Sn or 
metal oxides 13 such as BaO. PbO and Sn0 2 deposited in porous glass. The numerals 1 and 2 denote eiec- 
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trades provided on the substrate 

a ^zr v fted to the porous 9iass - and may be worked skjszee 

Bnnntrjl. T ?T" acid «*"■" « o*er porous insulating substrate? 9 

ablemefh^ 

a nSsS ^^^25^ porous siass is impre9nated wfth 3 " ^ 

»h»I-ffJ k u • !l and PbN0 » or a " aqueous sulfuric acid solution, followed by drvino and 

m Jh*?- 9 ? 9 ,,? 6 T* 18 ° r meta ' ° XideS to to projected from 11,8 surfac « of porous glass the glass surface 

on th^Tp^ 

In Fig. 16, the numeral 14 denotes a glass substrate commonly called as colored class which * m a « ^ 

EST? C H 0i ;° id PartideS 15 - The nUm6ral 1 ° r 2 deno,es a " -"tSJESX * ^ ££? 
The metal colloid fine particles in the colored glass may suitably have a particle diameter of from 2 nrl^n 
angstrom^) to 600 nm (6.000 angstroms), more desirably from 10 nm (100 an^rZT^oTn^oZna 

forT ! d8nSity ° f ' ^ PartiC,eS ' th ° U9h Variable de " endi "3 « £ iSl^SSSSiS 
for ^thefrne particles may suitablybe in ■ueha^ih«tp^a.«^a^«piandale^^SS 
.n the v,c,n.ty of a dnve voltage. To make such colored glass, it can be readily prepared JESSES! 
used technique, namely, a method in which colorant raw materials such as AuCI, and AoNO 

of from 600-C to 900'C to deposit gold colloid or silver colloid fine particles in the fltaT In*? S !S ™ 
pared according to such a common.y available method, the metal L pari de an? S de^ted^ut of tnt 
glass surface, and therefore have good smoothness of the substrate surface ™ 5^ ~ 
formes bringing about the advantage that the electrodes in this ZTZZ 

be tl^H T*' mete ' f ine Partides were deposited in the 9 |ass - 1" 8 substrate surface may also 

be treated w.than aqueous hydrofluoric acid solution in the same manneras in the device desSiZatS 
to the above Fig. 15 so that the metal colloids may be protruded in a large nunWZ, tS« Z22 
surface, thus obtaining the effect as aimed in the present invention 9 

mmHE PreSCnt inVe "! i0n fUrthef P,OVideS a " e, ect™n-emitting device characterized by a device structure 
compnsing a semiconductor layer formed between opposing electrodes, and fine partides further £nS2 
in a dispersed state on said semiconductor layer. arranged 

hrini ST e ' eCtron : emi " in 9 devioe * « he P^ent invention, application of a voltage between the electrodes 
bnngs about emission of electrons from the fine particles which are conductive electrodes 

r, J?'II B . S T* 3 device 5 ucture not on| y <*" solve the problems involved in the prior art previously dis- 

■re^rera^ 

Description will be made below on the basis of Fig. 1 7 

In the figure, electrodes 1 and 2 are provided on a substrate 4. giving minute spacing to form a discontin 
uousetectron-emitting region comprising fine particles 9 dispersedbetween thJ ^Te numeral 1 £££ 
a semiconductor layer formed at least at an electrode spacing region L 

*iJ0L 18 J 3 diagra , mmatical «» secti °n "n the CD direction in Fig. 17. In the figure, the kind particle 
diarrater and spacing between fine particles on the substrate 4 are as described in refation to Fig 8 
A method for prepanng of the device illustrated in Fig. 17 will be described below 
Fig 19 (1 ) to (3) illustrate cross sections of a device for each preparation step 
(1 The surface of a substrate 4 comprised of glass or ceramics is degreased and cleaned. 

ih^ithn n ! aye " Dtained in < 1 >- e,ectro <fes 1 and 2 are formed according to vacuum deposition 
photolithoetching. Iifting-off, printing, or the like process "oposmon. 

(3) Next, the fine particles 9 are coated on the electrode gap region obtained in (2). A dispersion of fine 

%2Z 'in Z ™f 9 - F f e r ides and an organic binder to promot ° dfe ^" ^ " 

£S2ZZ S?S , organic solvent comprised of butyl acetate, alcohol, ketone or the like, followed 
by stimng or the hke to prepare the dispersion of fine particles. Usable as the organic binder ara butyral 
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Snes 3 "^ reSinS ' Viny * Ch,0rid6 - Viny « acetete P^nol resins, nylons, polyesters and ur- 

Here, an example of methods for preparing the dispersion of the fine particles is set out below. 

Fine particles, Sn0 2 i g 

(fine particle diameter : 10 to 100 nm (100 to 1,000 angstroms)) 
Organic solvent, MEK (methyl ethyl ketone) : 
cyclohexane = 3 : l 1,000 cc 

Organic binder, butyral i g 

The above materials were stirred in a paint shaker for three hours with glass beads to make a dispersion 

Th* f me part.de dispersion is coated on the surface of a specmen according to dipping sp n coal or 
he like process, and then baking is carried out for about 10 minutes at a temperature atThfch the Sent o 
o e ! e 2 ^rr** and 3180 the 0r9anic binder is 1<» tf" a semiconduSr ayer, 2££ 

L Of couL the^mZTT^ 5T 16 a " d ^ f ine Partid8S 9 are in tn ° tetrode spacing 

°. 00ur "»' tne se "i'conductor layer 16 and the fine particles 9 are arranged on the whole surface of Z 

Z™T' ?t "°, m iCU ' ty iS br ° U9ht ab ° Ut 88 there is «"bstantia..yno voltage 

ZLZ 3 „ ! ? 6 Pa f leS 9 ° UtSWe the e,8Ctrode Spaci "9 5 L e, ^rons Je emitted Snesso 

thesem lC ondurtori a yer16 a nd arrangement density ofthe fine particles 9 may vary depending on tie coSno 

22V? . h0 T 10 T thB fine P 3 ^ 6 dfe P ersi0 "' and tne "«« of electric Lents flowing to the 
electrode spacing L may also vary in accordance with this. 9 

addition *> lne a^ve formation by coating, also available as a method for dispersing the fine particles 
9 to the electrode gap region obtained in (2) is. for example, a method in which a solution of an oZfc ^ 

aStilT ° n H 6 SUbStrate f0 " 0Wed " y th6rmal de «W" to form metal particles As aTexaX 
a solution is prepared using materials shown below: example. 

Fine particle material : Pd organic metal 

compound (weight calculated as Pd metal) 

3 g 

Organic solvent: Butyl acetate 1.000 g 

Organic binder: Butyral j g 

JcTd^^^^^ 

The semiconductor layer 16 comprises a film mainly constituted of the carbon obtained by the bakina This 
is a semiconductor .ayer having an electrical specific resistance of about 1 x 1(H acm (ohm cm) or morl 

con! ,lT C :r n t °K btained aCCOrdin9 to th8 ab0V8 StepS ' the thickness * the s™<™ d ZTZ™6 be- 
comes smaller than the particle diameter of the fine particles 9. In other words, it has the structui hat tte 

p'ruded (Fig. TaT embe<,ded ^ SemiC ° ndUC,0r ' ayer 16 ' are '» tha "~ thaUhey^a^ 

'"^ e « mbodime "' "f ving been described above, the fine particles 9 has the structure that they protrude 

rherLZlT„ dU tf ' yeM6 K- H8re ' ^ ^ PartideS 9 may bB «"■»" with a film ottSSTj 

«n hi ^ ? h y f ° r9amC bmder S0 ' Uti0n 00 ,he Surface * device follo wed by baking, so that there 
can be given the structure that the fine particles 9 are included into the semiconductor^ 16 a^lstrafed 

a .«oTh h o e a rati ° °f T* 0 ." *° f ' ne PartideS th ° COalin9 so,ution mav be cha "9ed to increase the carbon and 
also theamoun of coat.ng maybein^^ 

9 are included ,nto the semiconductor .ayer 16 or at least part thereofhas protruded ItanlSZlZJlS 
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layer as illustrated in Fig. 21. 

The devices haying been described above has the feature that the production steps can be simplified since 
the sem.conductor layer 1 6 is formed in the same step as for arrangement of the fine particles 9 

It « also possible to prepare the semiconductor layer 16 from materials other than the carbon namely 

rSTttrS™? ° b 2 ine f ^ C ° ating ° r Printing a " d baki " 9 ' 38 exemplified bv a *S 
SletJn^h^ ^ A f 0 ^ ,^9ly • 8 S8miconductor ^yer having desired characteristics can be obtained by 

iTr, u<L ^ ° f I* PreParati ° n a " d COatin9 * 1,16 SOlution 01 these mat ^als and for the baking 

^he same s^r SemiC ° ndUCtor *** * rebined ,he feature » at «» particles can be arranged 

inn f' ec ; ron - emi " in 9 d evice of the present invention may also comprise an electron-emitting device hav- 
ing the structure as shown in Fig. 22. nav 

A method of preparing the electron-emitting device illustrated in Fig. 23, 1) to 4) will be describe r m « 
sect one of a device are iilustrated in succession to describe below an LjiSi^lE^S^ 
1) The surface of a substrate 4 is degreased and cleaned. nmemoa. 

L?nn h nr S „H D t trate * U 10me<i ta ' ^"n**** 'aver 16 obtained by vacuum deposition, 

coating or printing and baking. 

Usable as the above semiconductor layer are an amorphous silicon semiconductor film or crystallized 

SZST^ J k ° Dtained ° y VaCUUm deP0Siti ° n - 3 ° 0rnp0und semiconductor film. 3. 22 
conductor film obtained by coating or printing and baking. 

For example, there can be formed a hydrogenated amorphous silicon (A-Si :H) semiconductor laver 
antstroms) toT^m ^ SemiC ° nduCt0r ,aver has a thi «*"ess of a Pprax i!nate.y f romfnm ^ 

3) Electrodes 1 and 2 are provided in the same manner as in (2) in Fig 19 

4) Fine particles 9 are provided in the same manner as in (3) in Fig. 19. It is preferred to decrease the 
amount of carbon m the coating solution or reduce it to zero to make the thickness of the carbon film sem- 
iconductor layer formed at the electrode spacing region L small. This is because the effect of Zsernt 
conductor layer 16 can be better broughtout by allowing an electric current flowing to the electrode spac- 
ng L to flow to the semiconductor layer 1 6 and the fine particles 9 as much as possible 

vJ-^JlSr ha , Vin9 hl SU ? h StrUCtUre ' itisals °P° ssibletousefi "e Particles feasibleforvacuumdeposition. 
With a matenal applicable to vacuum deposition, the fine particles can be formed by control of vacuum de- 

cuurdeS'ion" 8 " SUbStrate temperature or by a means ,ika vacuum ^position such as masked va- 

f Ihp n^ltT"'^" 9 d ! ViCe ° btained aCCOrdin9 '° the above 1 > to 4 >' the semiconductor layer and the 
2lS2i? each < ormed « a separate step, resulting in a greater degree of freedom in the conditions 

eXamP ' °. angin9 ^ am ° Um ° f a " impUrity d0pe and se,ecti "9 suttabte *ndHoi 
InndZ 7 TT 9 8 *. em l ,conductor makes il able *> readily adjust the electrical resistance of the semi- 
conductor layer 16 Accordingly, it becomes feasible to adjust the amount of the electric current l f flowing! 
the device, hus bnng.ng about the feature that it becomes feasible to adjust the drive voltage of the dS 

H.w r . hllT, ^ d6ViCB ° f the PreS6nt inventi0n ' the substrate itself may also comprise a semicon- 
nS^EST/? r .inductor .ayer 16. Fig. 24 illustrates a cross section of the device of 

SiSSi™ semiconductor substrate 17. there can be used substrate materials having desired 

,exempl,f,ed by Si wafers. Usable as methods forobtaining the semiconductor substrate hav- 
!he iTke m^Tods t,CS "* ^ implanteti0n t0 a semiconductor substrate or insulator substrate and 

thi. ~T f " ableS adjuStment ° f the Sp8Cif ic resistance Wy at desired areas on the same plane. For 
this reason, in mstances where electron-emitting devices are integrated in a high density, the leakage current 
among adjacent devices can be made small and the crosstalk can be decreased. Because of the arrangement 
on thesame plane, this method further has the feature that no trouble such as disconnection may occur owing 
to poorness in step coverage on the stepped ends of the electrodes. 

Fig. 25 is a cross section explanatory of still another electron-emitting device of the present invention The 
ZSZ T ?J S ? C0 " sti l uted in the manner as d "cribed above, but in the preparation steps the sem- 
iconductor layer 16 .s formed after the electrodes 1 and 2 and the fine particles 9 were formed. Thus the fine 
particles 9 are made to be included into the semiconductor layer 16 and fixed there. The surface of the sem- 

TlTL Z B 8haV6d ° ff by etChi " 9 to 9ive the s,ructure that the <ine particles 9 are fixed in 

the state that they protrude from the semiconductor layer. 

Fig. 26 (1) to (5) successively illustrate cross sections of device to explain the preparation steps of the 
electron-em.tt.ng device illustrated in Fig. 25. An example of the preparation method will be described below. 
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(1) The surface of the substrate 4 is decreased and washed. 

(2) Electrodes 1 and 2 are provided in the same manner as in Fig 19(2) 

2?^sr did in the manner as in R9 - 19(3) (preferab,y using a dfeperci ° n -* 

(4) A semiconductor 16 is formed in the vicinity of the electrode spacing region L Here in oeneral the 
sem.conductorlayerisdeposited also on the surface of ttafta pJkteQ. i ^£ 
tide diameters of the fine particles 9 may produce convexes ^posnea mat the par- 

(5) Etching is applied mainly on the surfaces of the convexes of the semiconductor layer 16 obtained in 
iurfTrZ P ' '° n mi " in ? 7* bB M 0Ut in ^ State that the speci "™ ^ obliquely set soShe 

z z^iz^^r ,rom the ~ ,a - « - - ™ 

c,didirttr^ 

in thJiil 8 embodiments havina been des ^ed above, the semiconductors and fine particles are arranged 
to SP3Cin9 re9 '° n ^ °" 3 *"* SUbStrate> bUt the « invention * * "° -ansTS 

i!^nn 9 V *° , V r ,Ce Whi ° h 0,6 e,eCtrodeS 1 and 2 are each formed °" -her side of a stepped 
portion of the insulating layer 5 on the substrate 4. stepped 

tron?m r S h" 1 ^""l! 1 particular, y further P rovld es a device in which the electrodes disposed in the elec- 
TZSSZ™*-? r rated in FiQ - 8 3re m3de 10 be diSDOsed as in »• type a^hown n FfcT 

oariides a ^ 7 "7* C ° mPri8in9 3 SUbStrate pr0vided thereon an «n^*Q layer in whSne 
parties are dispersed, a stepped portion formed at an end portion of the insulating layer on the toT-trS 
of the substrate, and an electrode provided each on the top surface of said insulating layer and on ^heto^ 
surface of sa.d substrate; an end of each electrode being positioned at an upper end oSS^fCJ^ 
ped portion ,n such a manner that at least part of the sidewall face at the stepped portion of the^d poS 
of sa.d.nsulat.ng layer in which the fine partides are dispersed may not be hldcten; .Salrt^S^K 
so e,eCtf0de Wh8re e,6CtronS 3re 8mttted * appl ™ a -'tags bSSSS 

subslte-' ff S2" £iSfi C i nU T?' S 1 and 2 d6n0te e ' eCtr0deS f0r 0btainina electrical section; 4, a 
elecfrSe spacing 9 ^ C ° ntainin9 ^ ^ Partid6S 3 disDersed stat e; and 6, an 

3S o h- Fi9 'f 8 £?' ■ he electro "- emi "ing device of the present invention is a device such that the fine partides 

™I„ h ^ deS 1 3nd 2 Wh ° Se end P0rti0ns oppose each othe r (but without overlap) atThe sS 
portion, where electrons are emitted from the fine particles 9 by applying a voltage betweenle IcS' 
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An example of preparation methods will be described below in relation to Fig. 28 (a), (b) and (c) 
oraH^o^ 

attheX 8 ^ 

th^lM" 6 !f 1 8nd 2 arB d8p08ited 00 insu,atina lay er 5 and the substrate 4 in such a manner 

6 [see "*> "* *" ^ 325 

Tho?! elart ; on - emittin 9 device <* the present invention can be obtained according to the above process 
The present dev.ce may be placed in a vacuum container, a voltage may be applied to the etaSdiTTtll' 

to which a h,gh voltage is apphed. whereupon electrons are emitted from the vicinity of the electrode spacTg 

withal*™ material ! f ° r 3nd thiCkn6SS ° f thS e,eCtr0d8S ' materials for m e fine particles concerned 
w,th the electron ermssion and materials for and thickness of the insulating layer are as described in relation 

It can be confirm that an electron-emitting device comprising electrodes 1 and 2 formed partly overlaoDino 
as illustrated ,n Fig. 29 (c). though having a slight difference in the electrode spacing. J, ^£%SZ 

In the device illustrated in Fig. 29 (c). an electrode 1 is first deposited and formed on a substrate 4 [see 

12 
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^'iS iSL ^fL an "If U ' at ? ' ayer 5 C0 " tainin9 f ine Partic,es 9 and an e,ectrotte ""aterial 2c am de- 
posited [see F,g 29 (b)]. and an electrode 2 and electrode spacing 6 are formed by photolithoetching thus 
forming an electron-emitting device [see Fig. 29 (c)]. <uiwra.ning, inus 

onJI 6 pre f se " t ' nve i ntion also P rov «es an electron emission device as illustrated in Fig. 30. which is another 
emSZ ° k 6 e ^ r0n - emittin 9 device in reiation to Fig. 28 and at the same time a jSZ 

embodiment of the electron-emitting device illustrated in Fig 1 vwmsa 

lav« hSSSZ "I" 9 deVice h . ill " S , trated in R 9- 3 0 ^Prises a substrate provided thereon with insulating 
5Tn T,h 9 , > ^ °" f ' ne PartiCleS 3re diSpereed - a slepped P° rtion formed ^tween an end 
su ^ nVlT 7 9 ' a r r a " d the t0P SUrface ° f the Substrate ' and an electrode Prided each on the top 
tlon L a t I T 9 ^ ^ °" ^ t0P SUrfaCe ° f S8id Substrate: an end * -* -diode ^ng pos," 

^"i 0 Werend . * StePP6d P0rti0n in Sucn a ^«nner that said electrode may not Le 
nto contact with the face on which the fine particles are dispersed; and electrode spacing being formed Z 

Z SfST* 6nd % Whe r ,eclronS « emitted ^ « voltage between JLISSSL 

.„ X" ^ "T 1 and 2 de " 0te electrodes for obtaineing electrical connection; 4, a substrate; 5a 

the fine particles; and 6, electrode spacing between the electrodes land 2 

9 i ntL n m F f !tH 0 h ( ?• l ec ! ron ; emitti i n 9 device ° f P^ent invention is a device in which the fine particles 

l^zs^^?'^^ ,a r 5a and 5b are arran9ed at the spaci ^ defined 

the electrodes 1 and 2 whose end portions oppose each other (but without overlap) at the stepped portion 
and electrons are emrtted from the fine particles 9 by applying a voltage between the electrodes 1 and 2 
A preparation method thereof will be described below. 

First, the insulating layer 5a is built up or deposited on the substrate by liquid coating, vacuum deposition 
or the l|ke process, and then the fine particles 9 are dispersed on the insulating layer 5a [see Fig. 30 (T 

liJ ?™, nn ' 9 'T 5t iS bUilt UP ° r d8P0Sit8d ° n thS inSulati "9 laver 58 and ^e particles 9 by 
liquid coating or vacuum depos.t.on or the like process so that it may cover the fine particles 9 [see Fig. 30 

trmt^iSS"^™ 53 5b interPOSin9 the fiTO Part,CleS further formed bv Photolithoetching so 
that the stepped port.on can be given substantially at the middle of the substrate 4 [see Fig 30 (c)l 

Therea ter the electrodes 1 and 2 are deposited on the insulating layer 5b and the substrate 4 in such a 

Znol 3 \ fj 3 ^ °l the SideWa " ° f the StePP6d POrti0n and the f ine partides 9 ™* not be hidden and 
also no electric short may be caused, to form the electrode spacing 6 [see Fig 30 (c)] 

The electron-emitting device of the present invention can be obtained according to the above process 

I Zf^T, 7 ^ f ' I 0 ? in 3 VaCUU,n C ° ntainer ' a volte9e ma y be a PP |ied to the Electrodes 1 and 
whth a h nh ^ eleC,r0de | p,ate < not show ") "W be disposed so as to face the top surface of the device, to 
which a h,gh voltage » applied, whereupon electrons are emitted from the vicinity of the electrode spacing 6 

J T 686 ? ,nVe , nti . 0n may Sti " 3lS0 be emb0died for tne electron-emitting region 3 by forming an electron- 
emitting layer 3a and electron-emitting bodies 3b. 'a «n electron 

I"' 6 | a T le ' as J" ustrated also in Fia - 31. this is an electron-emitting device having the structure that 
for example, the embodiments of Fig. 3 and Fig. 5 previously described are combined 

In Fig. 31 the electron-emitting device of the present invention is a device comprising a laminate com- 
pnsing an insulating layer 5 held between a pair of electrodes whose end portions oppose each other wherein 
the e ertron-em.tt.ng layer 3a is included into the insulating layer 5 in such a manner that the sidewall face of 
the electron-em.tt.ng layer 3 a may be disposed along the sidewall face of the insulating layer 5 formed at the 
o P pos.ng portion at which the electrodes 1 and 2 oppose each other, and the electron-emitting bodies 3b are 

[he efec'rcTs^al 2 S * ^ " l * Bd by aPP ' yin9 3 V ° lta9e between 

The materials and methods for forming the device are as described previously 
Besides taking the structure as illustrated in Fig. 31 to form the electron-emitting region 3. it is also de- 

221? 'I*;; '? R9 .- X f0rm 3 StePP8d POrti ° n 18 wfth an insu,atin 9 ,a y er 5 ""•"'""HI fine partides 
(electron-emitt.ng matenals) 9 and at the same time provide eledron-emitting bodies 3b on the side surface 
of said stepped portion. 

i„«„^l n . a a tiVe, c TT" i0 F l?' 351 f ' ne PartideS < e,ectron - em «ting materials) 9 may be arranged on an 
insulating layer 5a. the f.ne partides are further covered thereon with an insulating layer 5b to form a stepped 
portaon. and etedron-emitting bodies 3b may be further arranged on the side surface of said stepped portion 
to form an eledron-emitting region. «k»i««h 

mnr T ?•? r Ser !- i^Venti0^, tHe deViCe may 8lS0 COmprise an electron-emitting region obtained by three or 
more of its formation methods as shown in Fig. 36. 

Inddentally. in the case where the fine partides are used as the eledron-emitting bodies 3b dispersed 
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on the s.de surface or the electron-emitting materials 9 contained in the insulating layer as described above 
? T C0nf,rmed that «nPtey™nt of two or more kinds of different materials as said fine pSSes enaoli 
better control of the characteristics as the electron-emitting device 

Sele^l 8 !? 18 ^' 8 / 0 ' , PartideS 1,19 materifl,S 88,7,6 88 ,h0Se described in «Won to Fig. 8. 
and us ino SSS^r * ° f ^ th0S6 materialS as de ™nds 

or 1„ ^ h h ? P ^ ,C,eS makSS " P0Ssib,e to not onl * achieve e,ectro " but also improve 

or control the characteristics of intended electron-emitting devices 

tiontfe!!*^ 

Jon of electrodes ,s mdspensable for electron emission, it is possible to lower the drive voltage of the devtoe 
It can be also expected to increase electron emission by adding to Pd fine particles, low work function 

The present invention can be also effective not only for the embodiment using the fine particles of two or 

kTofl lT materialS ; bUt ! ISO f ° r ^ inStenCe Wh6re the fine partides - eve'n though imp'ed oZe 
k.nd of materials, are constituted of two or more kinds having difference only in physical parameters such as 
average particle diameter and shapes. Hammerers sucn as 

^example, the particle diameter may be made to comprise two kinds, one of which is so fine (as exem- 

b P e Tell ^T, 'T^ °' *°* 10 " m W 100 an9Stroms > that the effect <* -«* *W emfes on cl 
™ e "' a " d the ° ther0f Which iS rela »^ly solarge(as exemplified by a particle diameter of abTt 
400 nm (4,000 angstroms)) as to be contributory only to electrical conductivity, so that the £ZZ?££ 
-ncrease ,n the amount of electron emission, and the latter, driving with a low voltage 

It is of course also possible to utilize the materials by making combination both of the above-described 
P r rt rrmeter S ^ "* ^ * m °" kindS h ph ' sical Pa-mets ast 

f in.?J£^ flne Parti w 6S by dispersion ' most sim P |e and convenient is a method in which a dispersion of 
Z "iirETn P r r T 9 'I' materia,S iS COated ° n 3 SUbStrate or the like bv rotarv coating, dipping or 
th' h qUe ; T ^ heati " 9 10 ^ 3 S0,V8nt - 3 binder and 80 forth ' this "h-TO adlusLg 

. mi Jn 6 H iS "° eStabl,Shed theor y as t0 the ™chanism by which the electrons are emitted from the electron- 
emitting dev,ce according to the present invention, but it is presumed to be nearly as follows- 

or th!lTnH d 3re | th ! 6,eCtriC f i8ld emfeSi0n beCaUSe ° f the volta9e applied t0 a ™™ insulating layer gap, 
or the secondary electron em IS s.on occurring when the electrons emitted from electron-emitting materials ale 

theSt 0 : SCattered ^ ^ T 01 the fe,and - ,ike StrUCtUre 0r the e,ectrodes - « «— by Sn.tr ml 

thermionic emission, hopping electrons, Auger effect, etc. 

EXAMPLES 



Specific examples of the present invention will be described below. 
Example 1 

ofthete^^ 

stromsHhicV 20 * (b) ' * * ^ SUbStIBte: and 1> a nickel electrode of 50 ™ (500 ang- 

d^nSnT vap ° rdeposited 10 fom an insula ""9 layer 5a of 100 nm (1,000 angstroms) thick, Au was vapor 
tZZZSlZ . e ectron-emrtting .ayer 3a to have a thickness of 50 nm (500 angstroms), and an insulat^g 
layer 5b was also formed in the same manner as for 5a. thus bringing these three layers into lamination 

Then these were partly laminated on the electrode 1 as illustrated in Fig. 3 (a), along the pattern of the 
eledrode 1. fol.owed by patterning. Next. Ni was laminated as an e.ectrode I witn a film tSi^ of 500 nm 
io,uuu angstroms). 

a .„n^h ' USt » ted "IS 3 ( , b) ' the e,eCtr ° de 2 was subjected to patternin 9 bv usual Photolithographic process 

TT 1 ' ' nSU,a,ing ' ayer 531 *V 3a and insulating .ayer Z 

fhVSSf 9h H 9 | Ure 'J^ 8 e ' eCtr0deS 23 and 26 were clectrica,l > r separated - and the area at which 
the electrode 2b and electrode 1 overlap was made as small as possible. 
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beam 7 o nV T 9 * ^ "f 66 " the eleCtr0de 23 and 2b ' there was obteined *™-ssi°n °f an electron 
a! h rt Pef T ' en , 9th ° f Width ° f th8 e,8Ctr0de 2a in the directto " vertical to the paper surfacT 

fhl TL li i ^ Cr ' 11 13 PreSUmed that even ,f the f ilm thickness '"^ses to give a continuous film 
the electrodes 1 and 2b are electrically insulated, and thus the layer acts similarly to the isla^rucTure 

Example 2 

tpjr/l , 4 ' T^' 8 1 10 5 den ° teS the as in Fi 9- 3 - ,n this fi 9 ure - *he numeral 8 denotes an in- 
electrode. In the present Example, subsequent to the formation of the insulating layer 5b, a step to vapS- 
P c*,t LaB 6 to a threes of 100 nm (1.000 angstroms) fo.lowed by patterning was added to the r£Z£n 
al ( n Sam7e P i " The e,ectrode 2 — — formed by using Ni with a thickness of 500 nn, (5.000 angs^) 
Applying a voltage of 20 V between the electrode 2a and2bof thedevice thusobtained. there was obtained 
tTtLT^ 

Example 3 

Fig 6 (a) (b) is a flow sheet illustrating an example for a method of preparing the electron-emitting device 
according to the second embodiment of the present invention, .n Fig. 6 (a), (b). L numeral 4 ZES.^Z 

An insulating layer 5a was formed with Si0 2 in 1 50 nm (1 .500 angstrom) thickness; an electron-emitting 
layer 3a with Pd m 25 nm (250 angstrom) thickness; and an insulating layer 5b. with Si0 2 in 50 nm (500 ano 

f riln hTh 6aCh °l WhiCh W3S ° btained by V3CUUm depositi0 " and thereafter, as illustrated in Fig 
6 (a), etched to have a stepped shape to effect patterning. Next, electrodes 1 and 2 are deposited The elec- 

TZ^T T t6d ^ ^ deP0SitCd ° n tHe inSUlati "9 ,E * er 53 and 5b a " d stepped portbn 
formed by the electron-emrtting layer 3a with use of Ni with a thickness of 100 nm (1 ,000 angstroms) In this 

^T ,0 , n, rt 9 T a,,y th ! e,eC,r0de 1 Wi " ° 0t C ° me int0 ° 0ntaot with ^eelectron^mittnglayerlifSi 
of the e.ectrodeis made smaller than the height of the stepped portion of the insulating layer 5a. ie t^e sS 

ZeTnner" ^ *° *" ^ 8 * m8de " arrower if ^ i"^ting"aVer 5bfe 

The electron-emitting device obtained according to the above process was placed in vacuum, a voltage 
of 1 kV was applied us.ng a lead-out electrode (not shown) provided at an upper area in the drawing and a 

;; itS e ° f ""J 12 V ^ aPP ' ied betWee " the eleCtrodeS 1 and 2 resulti "° emtsTonVe ec! 
trons from the electron-emitting region 3. 

Example 4 

nm Solo ta^ 9 Th SS i ."l inSU ' atin9 ,ay8r 5 W3S d8P0Sited U8i "9 Si0 * t0 a thi «*"^ of 200 
nm (2.000 angstroms) Th.s was etched to have a stepped shape to effect patterning. Next, electrodes 1 and 

S hT S H POSrt : d W ' h Ni 100 nm ( 1 ' 000a "9«™^ thinness by vacuum deposit^ 

SteP ft C0Ve ? 96 "Z VaP ° r deP ° Sited Ni 31 the Stepped portion — 9 enera "y poo, and 
2 h?E2? P ? V" f0rmed 8 SP3Ce ° f ab0Ut 1 00 nm < 1 ■ 00 ° «n9stroms). Fine particles were made 

InVrllT 38 e,ectro !': em,tti ? 9 b ° dieS 3b - The f ine Partides are obtained ' fo ' exam P'«. "y the following 
manner Name y. prepared ,s a solution of fine particles of metals such as Pd. having a particle diameter of 
several 0 nm (several 100 angstroms) as materials serving as the electron-emitting bodies 3b. ThisSon 
was coated byspin coating, and baked at a temperature of about 300'Ctofix the fine TpartidestotheeS^ 
spacing regran. The resulting device was able to emit electrons by driving it as in Example 3. 

Example 5 

of a !«^!°rl itUtiC ! n in Fi9 .; 8, f T 8d 00 8 80da ' ime 9,388 SUbs,rate 4 was an insulati "9 ty« " comprised 
of a lead oxide type low-melting glass coating film. 

Pt J el ,!, Ct "^ 1 and 2 W6re furtherformed hereon with a thickness of 100 nm (1.000 angstroms) L = 0 5 
urn and W = 300 urn. and Pd. as fine particles 9, of several ten nm (several hundred angstroms) in particle 
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diameter were further arranged in a dispersed state between said electrodes 

, h I! 6 P V?* T' 0 ' 68 9 Wefe a,ranSed by Spin matin 9 < 300 r P m: «*»"9 was repeated five times) using 
a butyl acetate solut.on (Catapaste CCP-4230. avaiiable from Okuno Seiyalu KogycJ containing a^o'Zic 
palladium compound in an amount of about 0.3 % in terms of Pd metal, ami treated!* heatino at ^The! 

Wer Here n fTT * ^ *° ** ^ * be " M * ^Z^l 

Here, the amount of an electnc current flowing to the electrode spacing L was about 5 uA/5V This soeci- 

cu^S^sv 0 PiCWin9 USin9 a " aqUe ° US 5 10 10 V ° , % HCI Resulting in the 

TorrwlT" 1 !? "T"* l ° *• ab0Ve process was placed under vac ""-" °' 1.331<HPa (10-* 

TorO or more, and a voltage was applied between the electrodes 1 and 2 as described above. As a resuK an 

Tl C TT ^ ed 0 " SUrfaCe ° f inSide ° f the insulati "9 la * er 11 ° r m ™9" ^e fine partin g anS 
shSn I S?™" T S, Z rif° nfirmed when a ^ b se was applied ailowing an lead-ou electrode (not 

?S :::z e z ^ e,ectron emfesion - a,s ° ^ im,ed in re9art to a s ^ - «^ » 

t K, R f o tS ° f measurement on tne electron-emitting device prepared in the present Example are shown in 

If I i theTrl 0 ! ha r ted *^ 

X-yingT^O.^^^ 

Table l 



Efficiency 

V 

f (Emitted Swing 

Device I e current i e of 

drive Emitted Device Life* emitted 

voltage current current I f ) 



current 



Present 
Example: 

30 v 0.8 ex 10" 3 1,000 hrs 10 * 

— ■ _ or more 

* Life: The period in which the eaitted electric 
current comes to 50 % or less 



rf^ili 16 3bOVe ^"I'f-;^ compared with the resul * s rneasurement of a surface conduction electron-emitting 
SSS? " Sed * ,T ° ™ terials that the forming the conventional technique (drive voltage of the 

isJJr^ 

Example 6 

Example 5 was exactly repeated except that the baking for 20 minutes at 450»C was replaced by complete 
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baking for 2 hours at 490°C, to carry out an experiment 

The same measurement as in Example 5 was made on this electron-emitting device to obtain the same 

etrrr^ 

More specifically, the electron-emitting device in which the fine particles are included into the insulatino 
layer as ,n the present Examp.e 6 is characterized by being more improved in the life andThe £i„ 
electric current in addition to the effect obtainable in Example 5. 

Example 7 

for 10 X Z^T«oT t,y 8XCePt ** b3kin9 f0f 20 minUt6S 3t 45000 - S "V "eking 

The device obtained by the above experiment gives a device as shown in Fig. 10. The electron-emittino 
ST '"h " hC f ' ne PartiCleS ^ S,i9htly Pene,rated int0 the insulati "9 'aver brought JJJTJSS 

Example 8 

The surface of the insulating layer 11 at the electrode spacing L of the electron-emitting device obtained 

he intT ? , W3S V" a " aqUe ° US 5 V0l % HF S0,ution to bri "9 «ne fine particles' toTpose^S 
themsulat,nglayer11.so that there was obtained a device having the same structure as in the above ?eJX£ 

Example 9 

• !J"? fl a „ S " bStrate 12 com P risi "9 porous glass having a pore size of 8 to 100 nm (80 to 1,000 angstroms) 

r PartideS W6re d - eP ° Sited * ^ 3 d6ViCe reSiSta " Ce ° f 1 r ° m 1 M " (-9aohm)T 0 S 
(megaohms). there was given an electron-emitting device of the present invention (Fig 9) 

Measurement on said device was carried out in the same manner as in Example 5. Results are shown in 
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Table 2 



15 



20 



30 



35 



40 



45 



Efficiency 
f (Emitted 



10 Device X e 



current I 

e 



drive Emitted Device 

voltage current current 1^) 



Life* 



50 



Present 
Example: 

25 V 10 2 x 10" 3 1,000 hrs 

25 or more 

* Life: The period in which the emitted 

electric current comes to 50 % or 
less. 

It was revealed from the above results that the electron-emitting device of the present invention becomes 
an electron-emitting device that is stable (i.e. small in the swing of the emitted electric current) and of long life 
and has a high electron emission efficiency as compared with a conventional device obtained by forminq of 

fin t !« Ce l nVe VOltaQe ° f: 16 Vl 6mitted CUTOnt 0 8 ^ ef ' icie n<* 1-2 x 10-5; , ife: 35 hours; swing: 20 to 
60 /o). After the expenment for electron emission, the degree of device deterioration was observed by usinq 
a scanning type electron microscope, but there was seen little change in the diameter or distribution of the 
fine particles of gold present between the electrodes. However, the device obtained by forming of gold showed 
an extreme detenoration at the high resistance part discussed in the prior art 

The device according to the present Example 9 was able to be readily integrated with less irregularities 
between devices even when a number of the devices were formed on the same substrate. 

Example 10 

Referring to Fig. 16, obtained was an electron-emitting device comprising a colored glass (golden red 
glass) substrate 14 having gold colloids. 

The same measurement as in Example 5 was made on said electron-emitting device. Results obtained 
are shown in Table 3. 
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Table 3 



f 

Device 

drive 

voltaae 



e 

Emitted 
current 



Efficiency 
(Emitted 



current I / 
e 



Device 



current I f ) 



Life* 



Present 
Example : 
32 V 



0.6 



2 x 10 



-2 



2,000 hrs 
or more 



* Life: 



The period in which the emitted electric 
current comes to 50 % or less. 



As will be seen also from Table 3, the electron-emitting device of the present Example is stable (i.e. small 
m the swing of the emitted electric current) and of long life and has a high electron emission efficiency. After 
the experiment for electron emission, the degree of device deterioration was also confirmed by using a scan- 
ning type electron m.croscope, but there was seen little change in the diameter or distribution of the fine par- 
tides of gold present between the electrodes. In contrast therewith, the conventional device obtained by form- 
ing of ITO shows an extreme deterioration at the high resistance part 

th. c?hcT 7 S ° blained Simi ' ar r6SUltS in the 0386 When ' after f ine P artides are de P<*ited in the glass, 
the substrate surface was treated with an aqueous hydrofluoric acid solution so that metal colloids may be 

iTeTe^ JST* fn5m ^ SUrf3Ce ° f ^ 9l3SS SUbStrate ' thUS gWmQ " ^vice 



Example 11 



On a clean quartz glass substrate of about 1 mm thick, a solution prepared by mixing an organic solvent 
(Catapaste CCP (TM), available from Okuno Seiyaku Kogyo) containing an organic palladium compound with 
aSK^hquidcoahng preparation (OCD(TM). available from Tokyo Ohka Kogyo) to have a molar ratio of Si0 2 • 
L *a"P'n-coated with a spinner. Thereafterthe resulting coating was baked for 1 houratabout 
400 C to obtain a S.0 2 .nsulating layer 11 having a film thickness of about 100 nm (1,000 angstroms) and con- 
ing Pdfme partides 9. Afterthis step, the surface of the insulating layer 11 was etched using an aqueous 
hydrofluoric acid to bnng the fine particles 9 to protrude from the insulating layer 11 
. t N „ e f 0n . ^ Si °* insulati "9 ,aver 11 • a Photoresist was formed by photolithography with a thickness of 
abut 0 8 urn m the shape giving an electrode spacing L Further on the Si0 2 insulating layer 11 and said pho- 
toresist, a Ni thin film was deposited with a thickness of 100 nm (1 ,000 angstroms) according to the masking 
EB vacuum deposrtion that obtains shapes of electrodes. Thereafter the photoresist was peeled to carry out 
a hft-of step to remove unnecessary Ni thin film on the photoresist Thus the shapes of the electrodes 1 and 

J ?„ k°1 6 Tf 9 L " *»T Rg - 8 Ca " be f0rmed - this instance ' each dimensi0 " shown in Fig. 8 
was set to be L = 0.5 um, W = 300 urn and A = 2 mm. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured to have revealed that there was obtained electron emission of. approximately, emitted electric 
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current l„ = 1 uA and emission efficiency a = 5 x 1(H under the drive voltage V f = 30 V of the device The life 
and the swing of the emitted electric current were in substantially the same level as those in Example 5. 



Example 12 



Example 11 was repeated but replacing the organic palladium compound by Sn0 2 fine particles of 100 
angstroms in average particle diameter, to obtain a similar electron-emitting device, and similar experiments 
were earned out As a result there was obtained electron emission of substantially the same level as in Example 

Example 13 

In the constitution as illustrated in Fig. 17. a semiconductor layer 16 of about 10nm (100 angstroms thick 
was formed on a soda glass substrate 4 by using a carbon film obtained from a calcined organic substance 
Palladium fine parties of about 10nm (100 angstroms) in diameter are dispersed in the semiconductor layer 

Electrodes 1 and 2 were also formed with Pt to have a thickness of 1 00 nm (1 .000 angstroms), a spacing 
of 0.8 nm, and a width of 300 urn. 

Applying a voltage between the electrodes 1 and 2 prepared in the above produced a flow of an electric 
current I, through the semiconductor layer 16 and fine particles 19, and a stable electron emission was con- 
firmed when a voltage was applied allowing an lead-out electrode to serve as the anode 

Comparison of examples of characteristics were made between the electron-emitting device prepared in 
the present Example, having a semiconductor, and a prior art surface conduction electron-emitting device com- 
pnsed of ITO and requiring the forming, to obtain the results shown in Table 4. Swing of the emitted electric 
current is indicated with a value obtained by dividing the amount of change Al. in the amount of the emitted 
!m /./ C ; CUITent * 1 X 10 " 3 HZ ° r ' eSS by the emitted electric current and multiplying it by 100, i.e., AIA x 
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Table 4 



10 



15 



20 



25 



30 



f 

Device 

drive 

voltage 



e 

Emitted 
current 



Present 
Example; 

15 V 4 )iA 

Device of forming 
of ITO: 

20 V 1.2 yA 



Efficiency 
(Emitted 
current I 

e 

Device 



current I f ) 



1 x 10 



-3 



Life* 



800 hrs 
or more 



Swing 

of 
emitted 
current 



15 % 



5 x 10 



-3 



% 

35 hrs 20 - 60 



M * Life: The period in which the emitted electric 

current comes to 50 * or less 

As will be clear from Table 4, the surface conduction electron-emitting device of the present Example is 
40 characterized by being stable and of long life, showing a low drive voltage and a large emitted electric current. 

Example 14 

In the constitution illustrated in Fig. 22, an A-Si:H film was deposited on a glass substrate 4 by plasma 
45 CVD to have a thickness of 200 nm (2.000 angstroms), thus giving a semiconductor layer 16. Electrodes 1 
and 2 were formed with Pt to have a thickness of 100 nm (1,000 angstroms), a spacing L of 0 8 urn and a 
width W of 300 um. ' 

Pd, as fine particles 9, of several 10 nm (several 100 angstroms) in diameter were further arranged in a 
dispersed state between said electrodes. 

The Pd fine particles 9 were arranged by spin coating (3,000 rpm; coating was repeated five times), using 
a butyl acetate solution (Catapaste CCP-4230, available from Okuno Seiyaku Kogyo) containing an organic 
palladium compound in an amount of about 0.3 % in terms of Pd metal, and treated by heating at 250°C The 
electron-emitting device prepared in the present Example, having a semiconductor, was evaluated in the same 
manner as in Example 13. As a result, it was able to obtain similar electron emission. 

Example 15 

In the constitution illustrated in Fig. 25, electrodes 1 and 2 were formed on a glass substrate 4 with Pt to 
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have a thickness of 100 nm (1,000 angstroms), a spacing L of 0.8 jim, a width W of 100 urn. 

Fine particles were prepared in the same manner as in Example 14. and hydrogenated amorphous silicon 
was formed as a semiconductor layer 16 by plasma CVD to have a thickness of about 50 nm (500 angstroms) 

Thereafter the convexes on the semiconductor layer 1 6 were etched by ion milling. 

The electron-emitting device prepared according to the above process was evaluated in the same manner 
as in Example 12 to have found that there is obtained similar electron emission. Particularly in the present 
Example, different from Example 14, the electron-emitting device in which the fine particles 9 were fixed in 
the semiconductor layer 16 had a tendency of stableness in electron emission in addition to the effect obtain- 
able in Example 14. 

Example 16 

An electron-emitting device was obtained according to the previously described preparation steps (a) to 

(c) of Fig. 28. 

More specifically, on a clean, quartz glass substrate of about 1 mm thick, a solution prepared by mixing 
an organic solvent (Catapaste CCP (TM) available from Okuno Seiyaku Kogyo) containing an organic palla- 
d.um compound with a Si0 2 liquid coating preparation (OCD. available from Tokyo Ohka Kogyo) to have a molar 
ratio of Si0 2 : Pd of about 5 : 1 was spin coated with a spinner. Thereafter the resulting coating was baked for 
1 hour at about 400-C to obtain a SiO, insulating layer 5 having a film thickness of about 1 50 nm (1 500 anq- 
stroms) and containing Pd fine particles 9 [see Fig. 28 (a)]. 

Next, the insulating layer 5 was etched by photolithoetching with use of an aqueous hydrofluoric acid sol- 
ution to form a stepped portion of about 150 nm (1,500 angstroms) high at the middle of the substrate 4 [see 
Fig. 28 (b)J. 

Thereafter, Ni electrodes 1 and 2 of about 50 nm (500 angstroms) in film thickness was formed by depos- 
ition utilizing EB vacuum deposition in the manner that the stepped portion may not be completely covered 

In this instance, there is given the structure that the electrodes 1 and 2 oppose each other with certain 
spacng, across the side wall of the stepped portion of the insulating layer 5 containing the fine particles 9 
This space is designated as electrode spacing 6 [see Fig. 28 (c)J. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured to have revealed that there was obtained electron emission of, approximately, emitted electric 
current I, = 2.5 uAand emission efficiency a = 5 x 10- 3 . 

Example 17 

According to the previously described preparation steps (a) to (c) of Fig. 29, prepared was an electron- 
emitting device of the constitution that an insulating layer is held between electrodes. 

More specifically, on a clean, quartz glass substrate 4 of about 1 mm thick, an Ni electrode of about 50 
nm (500 angstroms) in film thickness was deposited by EB vacuum deposition to form an electrode 1 bv oho- 
tolithoetching [see Fig. 29 (a)]. 1 

Next, on the surface of the electrode 1 and the substrate 4. a Si0 2 insulating layer 5 containing Pd fine 
particles 9 was deposited in the same manner as in Example 16 to have a film thickness of about 100 nm (1 000 
angstroms). A Ni thin film of about 100 nm (1,000 angstroms) in film thickness was further deposited on the 
Si0 2 insulating layer to give an electrode material 2c [see Fig. 29 (b)]. 

Thereafter, on the Ni thin film, formed was a photoresist in the shape of an electrode 2 partly overlapping 
with the electrode 1 at the middle of the substrate. In the shape of this photoresist, the electrode material 2c 
and insulating layer 5 were etched, followed by peeling of the resist to form the electrode 2 and an electrode 
spacing 6. The size other than thickness, of each material, was made to be the same as in Example 16 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured. As a result, there was obtained the same electron emission as in Example 16. 

Example 18 

Example 16 was repeated except that the material for fine particles and the organic solvent comprising 
the organic metal compound were replaced by a SiOa liquid coating preparation in which SnC^ fine particles 
of about 10 nm (100 angstroms) in primary particle diameter were dispersed, to carry out an experiment As 
a result, there was obtained the same electron emission as in Example 16. 
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Example 19 

An electron-emitting device was obtained according to the previously described preparation steps (a) to 
(d) of Fig. 30. ^ v ' 

More specif ically on a clean, quartz glass substrate of about 1 mm thick, a Si0 2 liquid coating preparation 
(Catapaste CCP (TM), available from Okuno Seiyaku Kogyo) was spin-coated with a spinner. Thereafter the 
coating was baked for 1 hour at about 400°C to obtain an insulating layer 5a comprised of Si0 2 and having a 
ilmth.ctoess of about 100 nm (1,000 angstroms). Subsequently, on the insulating layer 5a. an organic solvent 
(Catapaste CCP. available from Okuno Seiyaku Kogyo) containing an organic palladium compound was spin 
coated with a spinner. Thereafter the coating was baked for 10 minutes at about 250»C to obtain fine particles 
^comprised of Pd in the state that they are dispersed on the surface of the insulating layer 5a [see Fig. 30 

Next, on the fine particles 9 and insulating layer 5a, an insulating layer 5b comprised of SiO, was coated 
by tek^g [sm Fig er 30 J^" 8 "' 3 "" 9 53 to have a f ilm thickness * about 50 nm < 5 °° angstroms), followed 

h 7r.r a t ft ! r ' I" 8 " 131 " 19 ' ayerS 53 3nd 5b Were etahed usi "9 an a " ueous hydrofluoric acid solution by 
photol.Hioetch.ng to form a stepped portion of about 1 50 nm (1.500 angstroms) high at the middle of the sub- 

strate 4 [see Fig. 30 (c)]. 

Nielectrodes 1 and 2 of about 500 nm (5.000 angstroms) infilm thickness was furtherformed by deposition 
utilizing EB vacuum deposition in the mannerthat the stepped portion may not be completely covered. Aspace 
thus formed is designated as electrode spacing 6 [see Fig. 30 (d)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured to have revealed that there was obtained electron emission of, approximately, emitted electric 
current l e = 2.0 (iA and emission efficiency a = 8 x 10- 3 . 

Example 20 

As illustrated in Fig. 32, a Ni electrode 1 of 500 angstroms thick was formed on a glass substrate 4 by 
vacuum deposition. On the electrode 1, an insulating layer 5a made of SiO, was formed by vacuum deposition 
utilizing sputtering to have a film thickness of 100 nm (1 ,000 angstroms). 

Next, an electron-emitting layer made of Au was formed in 50 nm (500 angstroms) thickness by vacuum 
deposition (a layer 3a), and thereafter an insulating layer 5b (Si0 2 ) was formed with a film thickness of 100 
nm (1,000 angstroms) by sputtering. 

Afterthe respective layers of the insulating Iayer5a, electron-emitting Iayer3a and insulating layer 5b were 
laminated, they are partly laminated on the electrode 1 as illustrated in Fig. 32 (a) along the pattern of the 
electrode 1 , followed by patterning. Next, an electrode 2 is laminated. The electrode 2 was made of Ni to make 
w.nng resistance lower. The thickness thereof was controlled to 500 nm (5,000 angstroms) to obtain necessary 
wmng resistance. ' 

After the electrode 2 was laminated by vacuum deposition, the electrode 2 was subjected to patterning 
by, forexample, usual photolithographic process along the patterns of the electrode 1. insulating layer 5a elec- 
tron-emitting layer 3a and insulating layer 5b as illustrated in Fig. 32 (b). 

A Pd organic metal solution (Catapaste. available from Okuno Seiyaku Kogyo Co.) was spin coated as an 
electron-emitting layer, followed by baking for 1 0 minutes at 250°C to provide electron- emitting bodies on the 
surface of a side wall of the insulating layers. A voltage of 14 V was applied between the electrodes 2a and 
2b using a lead-out electrode (not shown) provided above the device substrate, and a lead-out voltage of 500 
V was applied to obtain emission of electron beams 7 of 1.7 uA. 

Example 21 

Fig. 33 (d) illustrate a cross section of a electron-emitting device obtained in the present Example rSee 
Fig. 33 (a) to (d) as to the preparation steps]. 

On a clean, quartz glass substrate 4 of about 1 mm thick, a solution prepared by mixing an organic palla- 
dium compound solution (Catapaste CCP (TM). availablefrom Okuno Seiyaku Kogyo) with a SiO, liquid coatinq 
preparation (OCD. available from Tokyo Ohka Kogyo) to have a molar ratio of Si0 2 : Pd of about 10 ■ 1 was 
spin coated with a spinner. Thereafter the resulting coating was baked for 1 hour at about 400°C to obtain a 
Si0 2 insulating layer 5 having a film thickness of about 350 nm (3.500 angstroms) and containing electron- 
emitting materials 9 (Pd fine particles) [see Fig. 33 (a)]. 

Next, the insulating layer 5 was etched by photolithoetching with use of an aqueous hydrofluoric acid sol- 
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ution to form a stepped portion 18 of about 350 nm (3,500 angstroms) high at the middle of the substrate 4 
[see Fig. 33 (b)J. 

Thereafter, Ni electrodes 1 and 2 of about 50 nm (500 angstroms) in film thickness was formed by depos- 
ition utilizing EB vacuum deposition to have the shape illustrated in Fig. 33 (c) in the manner that the stepped 
portion may not be completely covered. 

Electron emitting bodies 3b were further provided on the surface of a side wail of the insulating layer in 
the same manner as in Example 19 [see Fig. 33 (d)]. 

Electron emission characteristics of the electron-emitting device obtained according to the above process 
were measured to have revealed that there was obtained electron emission of, approximately, emitted electric 
current l e = 4 *iA and emission efficiency a = 2 x 1(H, under applied device voltage V t = 14 V and lead-out 
voltage V a - 1 kV. 

Example 22 

Example 21 was repeated except that the organic metal compound solution that formed the electron-emit- 
ting bodies 3b in Example 21 was replaced by a Si0 2 liquid coating preparation in which Si0 2 fine particles of 
about 10 nm (100 angstroms) in particle diameter were dispersed, to form a similar electron-emitting device 
There were obtained substantially the same results as in Example 21. 

Example 23 

Similar results were obtained also when the organic metal compound solution employed to form the elec- 
tron-emitting bodies 3b in Example 20 was replaced by a coating preparation in which Sn0 2 fine particles of 
about 1 0 nm (1 00 angstroms) in particle diameter were dissolved by dispersion together with an organic binder. 

Example 24 

On a substrate a SiQ 2 film is vacuum deposited to form an insulating layer 5a, on which Pd is vacuum 
deposited in a thickness of 50 nm (500 angstroms)(electron-emitting layer 3a) and further an insulating layer 
5b is formed by vacuum deposition of a Si0 2 film [see Fig. 34 (a)]. 

Next, the insulating layers 5a, 5b and electron-emitting layer 3a are etched to form a stepped portion 18 
[see Fig. 34 (b)]. 

Thereafter, Ni is applied by masking vacuum deposition in a thickness of 50 nm (500 angstroms) to form 
electrodes 1 and 2 [see Fig. 34 (c)]. 

An organic palladium solution is further coated on the surface of the device substrate, followed by baking 
to provide electron-emitting bodies 3b on the sidewall of the stepped portion [see Fig. 34 (d)]. 

The resulting electron-emitting device has the structure that electron-emitting materials are present only 
in the vicinity of the stepped portion in contrast with Example 20. 

Good results were obtained as in Example 20. 

Example 25 

Example 24 was repeated to obtain an electron-emitting device, except that the Pd fine particles film of 
the electron-emitting layer 3a in Example 24 was replaced by a layer obtained by coating a Pd fine particles 
dispersed solution as shown in Fig. 35. 

There was obtained the same electron emission. 

Example 26 

The same electron emission as in Example 20 was obtained also in a device in which as illustrated in Fig. 
36 a Pd vapor-deposited film serving as an electron-emitting layer 3a was disposed in an insulating layer 5 
containing electron-emitting materials 9 as Pd fine particles, a stepped portion was formed, and electron-emit- 
ting bodies 3b were further provided on the sidewall of the stepped portion by coating an organic palladium 
solution followed by baking. 

Example 27 

In the constitution illustrated in Fig. 37, on a glass substrate 4, titanium electrodes 1 and 2 were formed 
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with a thickness of 100 ntn (1.000 angstroms). L = 0.8 \tm and W = 300 urn. and thereafter SnO, and Pd were 
arranged as fine particles in a dispersed state between the electrodes. 

,« ™ meth ° d theref ° T - 3 S "° 2 dis P ersion < Sn °2 : 1 9: solvent MEK (methyl ethyl ketone)/cyc!ohexanone = 
3/1 1 000 cc; butyral: 1 g) having a primary particle diameter of 8 to 20 nm (80 to 200 angstroms) was spin- 
coated, followed by heating. APd dispersion having a primary particle diameterof about 10 nm (100 angstroms) 
was further spin coated, followed by heating to obtain an electron-emitting device 

A voltage was applied between the electrodes of the device thus formed. As a result, there was obtained 
an electron emission current of 1.1 uA under an applied voltage of 15 V. 

Thus, substantially the same electron emission is obtained even under the applied voltage of lower bv ao- 
proximatly 5 V (volts) than that of the device containing no Pd fine particles and solely comprised of SnO, In 
this manner, the drive voltage was able to be lowered by the device containing different kind of fine particles. 

Example 28 

In regard to the SnO dispersion of Example 27. a dispersion of SnO, of 8 to 20 nm (80 to 200 angstroms) 
in part.de diameter and a dispersion of Sn0 2 of about 300 nm (3.000 angstroms) in particle diameter were 
prepared and two kinds of the SnOj dispersions were coated in the same manner as in Example 27 but in 
one step for each dispersion, thus arranging fine particles in a dispersed state to obtain a electron-emitting 

U6VIC6. 

As electron emission characteristics of the device thus formed, there was obtained an electron emission 
current of about 1.1 uA under an applied voltage of 17 V. 

Thus, substantially the same electron emission is obtained even under the applied voltage of as about 3 
V lower than that of the device obtained by coating in two steps the dispersions of Sn0 2 of 8 to 20 nm (80 to 
200 angstroms) in particle diameter. In this manner, the drive voltage was able to be lowered by adding the 
particles having a larger particle diameter. 

[Effect of the invention] 

As described above, according to the electron-emitting device of the present invention and the method 
for preparing the same, electron-emitting devices that can have stable structure even if the electrode spacing 
having the electron-emitting materials is made very narrow can be formed without applying the forming re- 
quired in the prior art. 

Accordingly, the electron-emitting devices prepared by the present invention are quite free from the dif- 
ficulties conventionally accompanying the forming treatment, so that it becomes possible to manufacture the 
devices having less irregularities in characteristics, in a large number and with ease, bringing about great in- 
dustnal utility. 3 

The electron-emitting device obtained by the present invention can also be utilized in planar display de- 
vices m which the electron-emitting devices are mounted in a single plane and electrons emitted by applying 
a voltage are accelerated to stimulate phosphors to effect light-emission. 

An electron-emitting device that is stabler and of longer life and also has a good efficiency can also be 
obtained by bringing the electrode constitution into a multi-layer constitution. 

Also, the electron-emitting device in which the fine particles are fixed in the insulating layer is free of any 
movement of the fine particles during drive, and thus can be an electron-emitting device that is stable and of 
elongated life. 

The electron emission efficiency can be improved by suitably adjusting the density of the fine particles 
The electron-emitting device having the semiconductor layer as illustrated in Fig. 1 7 makes it possible to 

ower the drive voltage by controlling the electrical resistance of the semiconductor, and also can be effective 

in improvement of emitted currents. 



Claims 



1. An electron-emitting device comprising 

- an insulating layer between a pair of electrodes, 

- an electron-emitting region insulated from said electrodes at a surface of the insulating layer formed 
at a part thereof at which the electrodes oppose each other, and 

- means for applying a voltage between said electrodes to cause electron emission 
characterized in that 
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the electron-emitting region comprises particles of electron-emitting material 

I) in the surface of the insulating layer between the electrodes (9 in Figures 10, 14, 18, 19, 25, 26. 27), 

II) in form of a separate layer within the insulating layer, said separate layer emerging at the surface 
of the insulatmg layer between the electrodes (9 in Figure 30; 3a in Figures 3 and 4). 

2. The device of claim 1, 

with the electron-emitting region being in form of alternative II, wherein 

additional particles of electron-emitting material are provided on the surface of the insulating layer be- 
tween the electrodes (Figures 6b, 31, 32, 34, 35). 9 V 

3. The device of claim 2, 

wherein the electron -emitting region additionally comprises particles of electron-emitting materials dis- 
persed in the insulating layer (Figure 36). 

4. The device of claim anyone of claims 1 to 3, 

wherein the electron-emitting material comprises at least two kinds of different materials. 

5. The device of anyone of the preceding claims, 

wherein said electron-emitting material is selected from the group consisting of borides, carbides, nitrides 
metal oxides, semiconductors, and carbon. 

6. The device of anyone of the preceding claims, 

wherein the electron-emitting material is selected from Nb, Mo, Rh, Hf, Ta, W, Re, lr, Pt Ti Au Aq Cu 
Cr, Al, Co, Ni, Fe, Pb, Pd, Cs and Ba. 

7. The device of anyone of claims 1 to 5, 

wherein the electron-emitting material comprises a metal oxide selected from ln 2 0 3 , Sn0 2 , BaO, MgO 
and SD2O3. ' 

8. The device of anyone of claims 1 to 5, 

wherein the electron-emitting material comprises fine particles of Pd or Sn0 2 . 

9. The device of anyone of claims 1 to 8, 

wherein the one or both of the electrodes are in form of a multiple layer. 

10. The device of claim 9, 

wherein at least one layer of the multiple layer is made of a material not readily damaged by ion sputtering . 

11. The device of claim 10, 

wherein said material comprises a high-melting material selected from the group consisting of W LaB« 
carbon, TiC and TaC. * 8 ' 

12. Thedeviceofanyoneofclaims9to11, 

wherein at least one layer of the multiple layer comprises a material exhibiting a low work function. 

13. The device of claim 12, 

wherein said material is selected from the group consisting of Sn0 2 , ln 2 0 3 , BaO, LaB 6 , Cs, and CsO. 

14. The device of anyone of claims 9 to 13, 

wherein at least one layer of the multiple layer comprises a material having a high electrical conductivity. 

15. The device of claim 14, 

wherein said material is selected from the group consisting of Ag, Al, Cu, Cr, Ni, Mo, Ta, W and an alloy' 
of any of these. 7 

16. The device of anyone of claims 1 to 15, 
wherein said insulating layer comprises a glass. 

17. The electron-emitting device of anyone of claims 1 to 16, 
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wherein the insulating layer is several nanometers to several ten micrometers thick. 

18. The device of anyone of claims 1 to 17, 

comprising a substrate comprising a porous glass in which a metal oxide is deposited. 

19. The device of anyone of claims 1 to 18, 

in which the insulating layer is a colored glass containing metal colloid particles. 

20. The device of anyone of claims 1 to 19, 

wherein the insulating layer is replaced with a semiconductor layer. 

21. The device of claim 20, 

wherein the semiconductor layer comprises amorphous silicon, crystalline silicon or a compound semi- 
conductor. 

22. The device of daim 20 or 21, 

wherein the semiconductor layer is 5 nm to 10 um thick. 

23. The device of anyone of claims 1 to 20, 

wherein said insulating layer (11) functions as a planar substrate for supporting said pair of electrodes 
and said electron-emitting region. 

24. The device of anyone of claims 1 to 20, 

wherein said device has a planar substrate for supporting both of said insulating layer and said pair of 
electrodes (Figures 8 to 26). 

25. The device of anyone of claims 1 to 20, 

wherein each of said particles buries itself partially in said insulating layer (Figures 10 11(5) 12 14*5) 
18, 19(3), 21, 25, 26(5). K h ' { h 

26. A method of preparing an electron-emitting device as claimed in anyone of claims 1 to 25 
comprising the steps 

- forming electrodes on a substrate, 

- dispersing particles of an electron-emitting material between the electrodes, and 

- forming an insulating layer on said particles. 

27. The method of claim 26, 

wherein said particles are dispersed between the electrodes by coating,by vacuum deposition or by ther- 
mal decomposition of an organic metal compound. 

28. A method of preparing an electron-emitting device as claimed in anyone of claims 1 to 25 
comprising the steps 

- bringing the electron-emitting particles in the insulating or semiconductor layer to be completely in- 
cluded therein, and 7 

- etching said layer to partly expose the particles. 

29. A method of preparing the electron-emitting device as claimed in anyone of claims 3 to 25 
comprising the steps 

- forming electrodes on a substrate, and 

- coating between said electrodes a layer of a dispersion of electron-emitting particles in an organic 
binder, with a solvent being optionally present. 

30. The method of claim 29, 

wherein the organic binder is selected from butyral resins, acryl resins, vinyl chloride, vinyl acetate co- 
polymers, phenol resins, nylons, polyesters and urethanes. 

31. Use of the electron-emitting device according to anyone of claims 1 to 25 for a display device. 

32. Use of the electron-emitting device of claim 31, wherein electrons emitted from said electron-emitting 
devices integrated on a substrate excite phosphors said phosphors emit light so that a display is made. 
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Patentanspruche 



1. 



Elektronen emittierende Vonichtung mit 
- einer Isolierschicht zwischen einem Paar von Elektroden, 

" TZhZ Be * r °i e ? iS0Herten E,ektronen eniittierenden Zone auf einer Oberflache der Isolier- 
sch.cht, d,e .n einem Te.i von dieser gebildet ist, in dem die Elektroden einander gegenuberliegen, 

" An,C9en SpannUn9 2WiSCh6n den Elektroden ™ Bewirken einer Elektronenemis- 

sion 

dadurch gekennzeichnet, daB 

die Eletoronen ernrttierende Zone Teilchen aus Elektronen emittierendem Material aufweist 
26 27), r 0 der lsolie ^hicht zwischen den Elektroden (9 in den Figuren 19, 14. 18, 19, 25, 

flache der lsol,ersch,cht zw,schen den Elektroden (9 in Figur 30. 3a in den Figuren 3 und 4) zutage 

2. Vonichtung nach Anspruch 1 , 

wobei die Elektronen emittierende Zone in Form der Alternative II vorliegt wobei 

l^TZ%?t C t n E,ekt : onen ^ittierendem Material auf der Oberflache der Isolierschicht zwi- 
schen den Elektroden vorgesehen sind (Figuren 6b, 31 , 32, 34, 35). 

3. Vonichtung nach Anspruch 2, 

aTJ?«l**7 e ? r^rr 116 Z ° ne 2USatZ " Ch TeilChen aus Elektronen eniittierenden Materialien 
aufweist, die in der Isolierschicht dispergiert sind (Figur 36). 

4. Vonichtung nach einem der AnsprOche 1 bis 3, 

wobei das Elektronen emittierende Material mindestens zwei unterschiedliche Materialarten aufweist 

5. Vonichtung nach einem der vorangehenden AnsprOche, 

wobei das Elektronen emittierende Material aus der ausBoriden, Karbiden. Nitriden, MetalloxkJen Halb- 
le.tern und Kohlenstoff bestehenden Gruppe ausgewahlt ist. Merai.oxraen, Maio- 

6. Vonichtung nach einem der vorangehenden AnsprOche, 

wobei das Elektronen emittierende Material aus Nb. Mo. Rh, Hf. Ta. W, Re. Ir, Pt, 71 Au Aq Cu Cr Al 
Co, Ni, Fe. Pb. Pd, Cs und Ba ausgewahlt ist 9 ' ' " M ' 

7. Vonichtung nach einem der AnsprOche 1 bis 5 

ZOU a E uf e weTsr emittiBrende ^ ei " aus **>* MgO oder Sb 2 Q 3 ausgewahltes 

8. Vonichtung nach einem der AnsprOche 1 bis 5, 

wobei das Elektronen emittierende Material feine Teilchen aus Pd oder Sn0 2 aufweist 

9. Vonichtung nach einem der AnsprOche 1 bis 8, 

wobei eine oder beide der Elektroden in Form einer Mehrfachschicht vorliegen. 

10. Vonichtung nach Anspruch 9, 

wobei mindestens eine Schicht der Mehrfachschicht aus einem Material hergestellt ist, das durch lonen- 
sputtern nicht leicht geschadigt wird. 

11. Vonichtung nach Anspruch 10, 

wobei das Material ein hochschmelzendes aus der aus W, LaB 8 , Kohlenstoff, TiC und TaC bestehenden 
Gruppe ausgewahltes Material ist oestenenoen 

12. Vonichtung nach einem der AnsprOche 9 bis 11, 

au^lT^^ Gine SCHiCht Mehrfachsc ^ icht ein eine Austrittsarbeit zeigendes Material 

13. Vonichtung nach Anspruch 12, 
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wobei das Material aus der aus Sn0 2 , ln 2 0 3 . BaO. LaB e Cs und CsO bestehenden Gruppe ausgewahlt 

14. Vorrichtung nach einem der Anspruche 9 bis 13 

r^airftetf 6 " 8 ei " e SChfeht Mehrfachsd;icht ein Material "«« einer hohen elektrischen Leitfihig- 

15. Vorrichtung nach Anspruch 14 

iZltl^m Z ^ A9> * CU ' * Ni ' M0 ' Ta ' W ei " 6r «— 

16. Vorrichtung nach einem der Anspruche 1 bis 15, 
wobei die isolierschicht ein Glas aufweist 

17. Eiektronen emittierende Vorrichtung nach einem der Anspruche 1 bis 16 
wobei die Isolierschicht einige Nanometer bis zu einige 1 0 ^ dick ist 

18. Vorrichtung nach einem der Anspruche 1 bis 17, 

die ein Substrat umfa&t, welches ein poroses Glas aufweist, in dem ein Metalloxid abgeschieden ist. 

19. Vorrichtung nach einem der Anspruche 1 bis 18, 

bei der die Isolierschicht ein Metallkolloidteilchen enthaltendes farbtges Glas ist. 

20. Vorrichtung nach einem der Anspruche 1 bis 19, 

wobei die Isolierschicht durch eine Halbleiterschicht ersetzt ist 

21. Vorrichtung nach Anspruch 20, 

wobei die Halbleiterschicht amorphes Silicium, kristallines Silicium oder einen Verbindungshalbleiter auf- 

22. Vorrichtung nach Anspruch 20 oder 21, 

wobei die Halbleiterschicht 5 nm bis zu 10 ^m dick ist. 

23. Vorrichtung nach einem der Anspruche 1 bis 20, 
tronen emittierenden Zone fungiert 

24. Vorrichtung nach einem der Anspruche 1 bis 20, 

SI? V ??2- Mng ein „l beneS SUbSt,at ZUm * agen SOWOhl der 's^rschicht als auch des Paares von 
Elektroden hat (Figuren 8 bis 26). 

M ' !2j!? Un8 T h ei w£ ^ AnSPr<iChe 1 WS 2 °' WObei jedes teilchen selbst teilweise in der Isolier- 
schicht vergraben ist (Figuren 10, 11(5), 12, 14(5), 18, 19(3), 21, 25, 26(5)). 

26 " ^mldenThritten e " en BekXt ° nen emittierende " Vorrichtung nach einem der Anspruche 1 bis 

- Bilden von Elektroden auf einem Substrat, 

- Verteilen von Teilchen aus einem Eiektronen emittierenden Material zwischen den Elektroden und 

- Bilden einer Isolierschicht auf den Teilchen. 

27. Verfahren nach Anspruch 26, 

wobei die Tenchen zwischen den Elektroden durch Beschichten, durch Vakuumabscheidung oder durch 
therrmscher Zersetzung einer metallorganischen Verbindung dispergiert werden. 

M ' ^SZ^S!^ ei " er E,ektr0ne " emit,ierenden Vorrichtung nach einem der Anspruche 1 bis 

- Verbringen der Eiektronen emittierenden Teilchen in die Isolierschicht oder die Halbleiterschicht der- 
art, dad sie vollstandig darin eingeschlossen sind, und 

- Atzen der Schicht. urn die Teilchen teilweise freizulegen. 
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29. Verfahren zur Herstellung der Elektronen emittierenden Vorrichtung nach einem der AnsprOche 9 bis 25 
mit den Schntten ' 

- Bilden von Elektroden auf einem Substrat und 

- Aufbringen einer Schicht einer Dispersion aus Elektronen emittierenden Teilchen in einem organi- 
schen Bindemittel mit einem wahlweise voriiegenden Losungsmittel zwischen die Elektroden. 

30. Verfahren nach Anspruch 29, 

wobei das organische Bindemittel aus Butyralharzen, Acrylharzen. Vinyichlorid. Vinylacetat-Copolyme- 
ren, Phenolharzen, Polyamiden, Polyestern und Urethanen ausgewahll ist. 

31. Verwendung der Elektronen emittierenden Vorrichtung nach einem der AnsprOche 1 bis 25 fur eine An- 
zeigevomchtung. ■«»c«n 

32. Verwendung der Elektronen emittierenden Vorrichtung nach Anspruch 31 

tTeSn?tZ„ den f ' ekt K? n w < J f mittierenden Vorrichtungen. die auf einem'substrat integnert sind. emit- 
to Le^htstoffe anregen. wobei die Leuchtstoffe Licht anregen. so daB eine Anzeige be- 



Revendications 

1. Dispositif d'emission d'electrons, comportant 

- une couche isolante entre deux electrodes, 

- une zone d'emission d'electrons isolee desdites electrodes a une surface de la couche isolante for- 
mee dans une partie de celle-ci oil les electrodes sont opposees I'une a I'autre et 

- des moyens destines a appliquer une tension entre lesdites electrodes pouvant p'rovoquer une emis- 

sion d electrons, 
caracterise en ce que 

la zone d'emission d'electrons comprend des particules de matiere emettant des electrons 
27) ou SUrfaCe de ^ C0UChe iS ° lante Gnlre 6leCtrodes < 9 sur les fi 9 ures 1 °. 14 . ™> 19. 25. 26, 
II) sous la forme d'une couche separee dans la couche isolante, 

ladite couche separee emergeant a la surface de la couche isolante entre les electrodes (9 sur la figure 
30 ; 3a sur les figures 3 et 4). 

2. Dispositif selon la revendication 1 , 

la zone d'emission d'electrons se presentant sous la forme de I'alternative II, dans lequel 
des particules additionnelles de matiere emettant des electrons sont prevues sur fa surface de la 
couche isolante entre les electrodes (figures 6b, 31 , 32, 34, 35). 

3. Dispositif selon la revendication 2, 

* m fJVT l€ Tl la Z °? d ' 6missk)n comporte additionnellement des particules de matieres 

emettant des electrons disposees dans la couche isolante (figure 36). 

4. Dispositif selon I'une quelconque des revendications 1 a 3, 

' dans lequel la matiere emettant des electrons comprend au moins deux types de matieres diffe- 
rentes. 

5. Dispositif selon I'une quelconque des revendications precedentes, 

dans lequel ladite matiere emettant des electrons est choisie dans le groupe constitu6 de borures 
de carbures, de nitrures, d'oxydes metalliques, de semiconducteurs et de carbone. 

6. Dispositif selon I'une quelconque des revendications precedentes, 

dans lequel la matiere emettant des electrons est choisie parmi Nb, Mo, Rh. Hf, Ta W Re Ir Pt 
Ti, Au, Ag, Cu, Cr, AI, Co, Ni, Fe, Pb, Pd, Cs et Ba. ' ' 

7. Dispositif selon I'une quelconque des revendications 1 a 5, 

q r, 13 mat ^ re 6m8Uant d6S 6leCtrons wmprend un oxyde metallique choisi parmi ln 2 0 3 

Sn0 2 , BaO, MgO et SD2O3. 23 
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8. Dispositif selon Tune quelconque des revendications 1 a 5, 

dans iequel la matiere emettant des electrons comprend de fines particules de Pd ou de SnQ 2 . 

9. Dispositif selon Tune quelconque des revendications 1 a 8 f 

multiple 3 " 3 ' eqUe! ' ^ * ,eCtlDdeS 0U les deux 6,ect ^es se presented sous la forme d'une couche 

10. Dispositif selon la revendication 9, 

«* m J?l ,eQUel ^ ^ UnG °° UChe de 13 ^ mu,tlple «* form6e d ' un e matiere qui n'est pas ai- 
sement endommagee par une pulverisation ionique. 

11. Dispositif selon la revendication 10, 

oonJX5.T^2S?^^ * h8Ut P ° int d8 fUSi0 " Ch ° iSie *" 16 ^ 

12. Dispositif selon Tune quelconque des revendications 9 a 11 
travail ^JS,^ 

13. Dispositif selon la revendication 12, 

dans Iequel ladite matiere est choisie dans le groupe constitue SnO* ln 2 0 3 . BaO, LaB e , Cs et CsO. 

14. Dispositif selon l"une quelconque des revendications 9 a 13 

tivite elert n riq l ue U 6 tvee m0inS ^ " C ° UCh8 mU ' tiP ' e U " e matiere 8yant une conduc - 

15. Dispositif selon la revendication 14, 

dans Iequel ladite matiere est choisie dans fe groupe constrtue des Ag, Al, Cu Cr Ni Mo Ta W 
et d un alhage de I'un quelconque de ces elements. 

16. Dispositif selon Tune quelconque des revendications 1 a 15, 

dans Iequel ladite couche isolante comprend du verre. 

17. Dispositif d'emission d'electrons selon I'une quelconque des revendications 1 a 16 
microm^s 16 ^ 61 8 * P ' USi6UrS nanom6tres * P lusi ^rs dizaines de 

18. Dispositif selon I'une quelconque des revendications 1 a 17, 

comportant un substrat comprenant un verre poreux dans Iequel un oxyde metallique est depose. 

19. Dispositif selon I'une quelconque des revendications 1 a 18, 

dans Iequel la couche isolante est un verre colore contenant des particules d'un colloide metallique. 

20. Dispositif selon I'une quelconque des revendications 1 a 1 9, 

dans Iequel la couche isolante est remplacee par une couche semiconductrice. 

21. Dispositif selon la revendication 20, 

«m- J!t nS ! eqUel 13 he semiconductrice comprend du silicium amorphe, du silicium cristallin ou un 
semiconducteur compose. 

22. Dispositif selon la revendication 20 ou 21 , 

dans Iequel la couche semiconductrice a une epaisseur de 5 nm a 10 urn. 

23. Dispositif selon I'une quelconque des revendications 1 a 20, 

i^tT 'TV 8 ?' 6 C ° UChe iSOiante fonctionne * ^ ™niere substrat plan pour supporter 
lesdrtes deux electrodes et ladite zone d'emission d'electrons. 

24. Dispositif selon I'une quelconque des revendications 1 a 20, 

dans Iequel (edit dispositif comporte un substrat plan destine a supporter a la fois ladite couche 
isolante et lesdites deux electrodes (figures 8 a 26). 
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25. Dispositif selon Tune quelconque des revendications 1 a 20, 

dans lequel chacune desdites particules s'enfouit elle^meme partiellement dans ladite couche iso- 
lante (figures 10, 11(5), 12, 14(5), 18, 19(3), 21, 25, 26(5). 

26. Precede de preparation d'un dispositif d'emission d'eiectrons selon I'une quelonque des revendications 
1 a 25, 

comprenant les etapes qui consistent 

- a former des electrodes sur un substrat, 

- a disperser les particules d'une matiere emettant des electrons entre les electrodes, et 

- a former une couche isolante sur lesdites particules. 

27. Precede selon la revendication 26, 

dans lequel lesdites particules sont dispersees entre les electrodes par revetement, par depot sous 
vide ou par decomposition thermique, d'un compose organometallique. 

28. Procede de preparation d'un dispositif d'emission d'eiectrons selon I'une quelconque des revendications 
1 a 25, 

comprenant les etapes qui consistent 

- a amener les particules d'emission d'eiectrons dans la couche isolante ou semiconductrice a etre 
totalement incorporees dans cette couche, et 

- a soumettre a une attaque chimique ladite couche pour mettre partiellement a decouvert les parti- 
cules. 

29. Procede de preparation du dispositif d'emission d'eiectrons selon I'une quelconque des revendications 
3 a 25, 

comprenant les etapes qui consistent 

- a former des electrodes sur un substrat, et 

- a appliquer entre lesdites electrodes une couche d'une dispersion de particules d'emission d'eiec- 
trons dans un liant organique, un soivant etant present optionnellement 

30. Procede selon la revendication 29, 

dans lequel ledit liant organique est choisi parmi les resines butyral, des resines acryliques des 
copolymeres de chlorure de vinyle et d'acetate de vinyle, des resines phenoliques, des Nylons, des po- 
lyesters et des urethannes. 

31. Utilisation du dispositif d'emission d'eiectrons selon I'une quelconque des revendications 1 a 25 pour un 
dispositif d'aff ichage. 

32. Utilisation du dispositif d'emission d'eiectrons selon la revendication 31, 

dans laquelle des electrons emis par lesdits dispositifs d'emission d'eiectrons integres sur un subs- 
trat excitent des iuminophores et lesdits luminophores emettent de la lumiere af in de realiser un aff ichage 
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